Progesterone (P4) is frequently used in the treatment of threatened abortion, prevention of recurrent miscarriage and threatened preterm labor. However, little is known about the molecular mechanism of P4 in the regulation of extravillous trophoblasts' (EVTs) function. This study was designed to examine the presence of progesterone receptor (PR) in the human trophoblastderived HTR-8/SV neo cell line, which is a possible model of EVTs, and the effects of P4 on apoptosis in those cells. The HTR-8/SV neo cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100 mg/ml streptomycin. When the cell the population reached 50% confluency, the cells were stepped down to serum-free conditions in the presence or absence of graded concentrations of P4 (1, 10 and 100 ng/ml) for 48 h. The cultured cells were used for RT -PCR, terminal deoxynucleotidyl transferase-mediated 2 0 -deoxyuridine 5 0 -triphosphate nick end labeling (TUNEL) assay, immunocytochemistry and western blot analyses. Immunocytochemistry and western blot analyses revealed that PR was evident in HTR-8/SV neo cells. Compared with untreated cultures, treatment with P4 (10 and 100 ng/ml) resulted in significant decreases in the TUNEL-positive rate, Fas, Fas ligand (Fas-L), caspase-8, caspase-3 and poly (ADP-ribose) polymerase (PARP) expression in HTR-8/SV neo cells, and a significant increase in Bcl-2 expression in those cells. Consistently, Fas mRNA expression in those cells was significantly inhibited by the treatment with 10 ng/ml P4 compared with untreated cultures. This study suggests that PR exists in HTR-8/SV neo cells and that P4 inhibits apoptosis by down-regulating Fas, Fas-L, caspase-8, caspase-3 and PARP expression as well as up-regulating Bcl-2 expression in HTR-8/SV neo cells.
Introduction
Placental tissues contain a heterogeneous population of cells, including villous cytotrophoblasts, syncytiotrophoblasts and extravillous trophoblasts (EVTs). EVTs are mainly uninuclear cells comprising all the trophoblastic elements located outside the villi. EVT has two distinct phenotypes, proliferative and invasive. The development of the human fetus depends on the ability of EVTs to invade the maternal uterine tissues, then to anchor the placenta and the ability of the fetus to gain access to the maternal circulation (Genbacev et al., 1992; Irving et al., 1995; Aboagye-Mathiesen et al., 1996) .
Several investigators suggest that apoptosis is an important determinant in the regulation of placental growth . The activity of the invasive EVTs seems to be dependent on their apoptotic capacity and less on their proliferative potential because they are highly differentiated cells (Kaufmann and Castellucci, 1997) . We have demonstrated that apoptosis in the invasive EVTs was more evident than its proliferative counterpart and that the extent of apoptosis was associated with augmented Fas and Fas ligand (Fas-L) expression and reduced Bcl-2 protein expression (Murakoshi et al., 2003) .
Clinically, P4 is frequently used in the treatment of threatened abortion, prevention of recurrent miscarriage, threatened preterm labor and in the support of the luteal phase in assisted reproduction programs (Di Renzo et al., 2005) . The physiological effects of P4 are mediated through interaction with the progesterone receptor (PR), a transcription factor and a member of a large family of structurally related gene products known as the nuclear receptor superfamily. PR is expressed in multiple tissues as two isoforms, PR-A and PR-B. These isoforms are derived from the same gene by the action of two different promoters (Giangrande and Donnell, 1999; Richer et al., 2002) . Although the expression of PR on EVT populations has not been extensively analyzed, there is evidence suggesting EVT populations at the materno -fetal interface in the first-trimester pregnancy are positive for PR (Wang et al., 1996a) . However, little is known about the molecular mechanism of P4 in the regulation of EVTs function.
Most experimental data regarding the molecular basis of human trophoblast functions have been obtained from primary cultures of trophoblasts. In order to make it possible to perform long-term culture of homogeneous human trophoblast cell populations, the firsttrimester trophoblast cells have been transfected with the simian virus 40 large Tantigen. The resulting cell line (HTR-8/SV neo cell line) shares phenotypic properties with the progenitor cells (Graham et al., 1993) , and its proliferation, migration and invasiveness are regulated by the same signaling molecules that modulate EVT cell responses in vivo (Graham et al., 1993; Lala et al., 2002) . Accordingly, this cell line represents a highly useful model to study the mechanisms underlying the regulation of human trophoblast cell growth (Munir et al., 2004) as well as the control of EVT cell proliferation, migration and invasiveness operated by several modulators (Graham et al., 1993; Kilburn et al., 2000; Lala et al., 2002; Munir et al., 2004) . Tarrade et al. (2002) and Oki et al. (2004) in our laboratory revealed that .99% of the primary cultured early placental trophoblasts attached to fibronectin-precoated dishes expressed CK7 (cytokeratin 7), hPL (human placental lactogen) and ErbB2 protein, but not ErbB1 protein after 48-h subculture, demonstrating the characteristics of EVT. Thus, we examined the presence of CK7, erbB1 and erbB2 in HTR-8/SV neo cell line to confirm the characteristics of the cell line.
In order to evaluate the effects of P4 on apoptosis in EVTs, we used HTR-8/SV neo cell line, a useful model, to examine the presence of PR protein and then determined the effects of P4 on the expressions of Fas, Fas-L, Bcl-2, caspase-8, caspase-3 and cleaved poly (ADP-ribose) polymerase (PARP) in those cells.
Materials and Methods

Cell culture
The HTR-8/SV neo trophoblast cells were kindly provided by Dr Benjamin K. Tsang, University of Ottawa, Ottawa, Canada. Cells were cultured in RPMI 1640 medium (Invitrogen Life Technologies, Inc., Burlington, Canada) supplemented with 10% fetal bovine serum (Invitrogen Life Technologies, Inc.), 100 U/ml penicillin and 100 mg/ml streptomycin. Cells were seeded into 2-well chamber slides for immunocytochemical staining and terminal deoxynucleotidyl transferase-mediated 2 0 -deoxyuridine 5 0 -triphosphate nick end labeling (TUNEL) assay, 6-well plates for western blot analysis and 100 mm dishes for RT-PCR. Cells were incubated in a standard Sanyo CO 2 incubator (5% CO 2 in air, 378C; Esbe Scientific, Markham, Canada). When the cell population reached 50% confluency, the cultured cells were stepped down to serum-free conditions in presence or absence of graded concentrations of P4 (1, 10 and 100 ng/ml) for the subsequent 48 h.
Immunocytochemical staining for PR
HTR-8/SV neo cells cultured in 2-well chamber slides were washed three times with phosphate-buffered saline (PBS), fixed in 99.9% ethanol at 48C for 20 min, and again washed with PBS three times. The fixed cells were subjected to immunostaining by the avidin/biotin immunoperoxidase method using a polyvalent immunoperoxidase kit (Omnitags, Lipshow, MI, USA) according to the manufacturer's instructions. A mouse monoclonal antibody to human PR (AB-52) (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) was used as the primary antibody at a dilution of 1:250. To assure the specificity of the immunological reaction, cultured cells were subjected to the same immunoperoxidase method, except that the primary antibody was replaced by nonimmune murine IgG (Miles, Elkhart, IN, USA) at the same dilution as the specific antibody. The replacement of the specific primary antibody with nonimmune murine IgG resulted in a lack of positive immunostaining for PR.
In situ TUNEL assay
In situ labeling of fragmented DNA in cultured HTR-8/SV neo cells was performed with the TUNEL assay, using the ApopTag in situ apoptosis detection kit (Intergen Co., Purchase, NY, USA) according to the manufacturer's protocol for monolayer cultures. HTR-8/SV neo cells were cultured in 2-well glass chamber slides for 120 h and then cultured under serum deprivation conditions for 24 and 48 h in the absence or presence of graded concentrations of P4 (1, 10 and 100 ng/ml). At the termination of cultures, nucleotide-sized DNA fragments were tailed with digoxigenin-deoxy-UTP and then bound with peroxidase-conjugated antidigoxigenin antibodies. The nuclei were counterstained with hematoxylin (Zymed Laboratories, Inc., San Francisco, CA, USA) for determining the TUNEL-positive rate of HTR-8/SV neo cells.
Apoptosis of cultured HTR-8/SV neo cells was analyzed by two investigators in a blinded fashion without knowledge of the experimental group. All stained nuclei were scored as positive for apoptosis. The TUNEL-positive rate was determined by observing .1000 nuclei for each experimental sample.
Western blot analysis for PR, Bcl-2, Fas-l, Fas, caspase-8, caspase-3 and PARP Proteins were extracted from cultured HTR-8/SV neo cells as described previously (Shimomura et al., 1998) . At the termination of cultures, cells were lysed at 48C for 20 min in the presence of a lysis buffer consisting of 150 mM NaCl, 2 mM phenylmethylsulfonylfluoride, 1% Nonidet P-40, 0.5% deoxycholate, 1 mg/l aprotinin, 0.1% sodium dodecyl sulfate and 50 mM Tris-HCl, pH 7.5. The lysates were subsequently centrifuged at 13 000g for 30 min at 48C, and the supernatants were collected. Protein content in the supernatants was determined by the Bradford assay (Bradford, 1976) . Each 200 mg aliquot of the protein extracted from cultured HTR-8/SV neo cells was separated by NuPAGE Novex 4-12% Bis-Tris Gel (Invitrogen life technologis, Carisbad, CA, USA) under a reducing condition using 200 V for 50 min. The proteins were then electrophoretically transferred from gels to PVDF membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The blots were exposed overnight to a mouse monoclonal antibody to PR (AB-52) (Santa Cruz Biotechnology, Inc.), a mouse monoclonal antibody to Bcl-2 (Santa Cruz Biotechnology, Inc.), a mouse monoclonal antibody to Fas-L (Santa Cruz Biotechnology, Inc.), a mouse monoclonal antibody to Fas (Santa Cruz Biotechnology, Inc.), a mouse monoclonal antibody to caspase-8 (Santa Cruz Biotechnology, Inc.), a rabbit polyclonal antibody to caspase-3 (Santa Cruz Biotechnology, Inc.) and a rabbit polyclonal antibody to PARP (Cell Signaling Technology, Inc.) at dilutions of 1:200, 1:200, 1: 200, 1:250, 1:200, 1:200 and 1:1000, respectively. The membranes were incubated for 1 h with horse-radish peroxidase-conjugated antimouse or antirabbit secondary antibody (Amersham Biosciences, Arlington Heights, IL, USA) that was diluted at 1:1000 with blocking buffer. The antigen-antibody complexes were detected with the ECL chemiluminescence detection system (Amersham Biosciences). Membranes were visualized by exposure to X-OMAT film (Eastman Kodak Co., Rochester, NY, USA). The radioautograms were then scanned and quantified with ChemiImager 4400 (Astec Co. Ltd., Osaka, Japan).
Quantitative RT-PCR analysis
When the cell population reached 50% confluency, HTR-8/SV neo cells attached to 100 mm culture dishes were characterized by RT -PCR analysis with erbB1, erbB2 and CK7 primers. After 24 h of subsequent culture, the mRNA expression of Fas in subcultured HTR-8/SV neo cells was examined by RT-PCR analysis. Total RNA was isolated from frozen HTR-8/SV neo cells using RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. First strand cDNA was synthesized from 4 mg total RNA using a cDNA synthesis kit (Qiagen) according to the manufacturer's protocol. PCR was performed using 0.1 mg cDNA as a template in a 25-ml reaction buffer [10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM of MgCl 2 and 0.01% gelatin] containing 6.25 pM of each primer, 2.5 mM deoxy-NTPs and 0.125 U Taq DNA polymerase (all from Qiagen). Reactions were amplified by a Gene Amp PCR System 9600-R (PerkinElmer, Norwalk, CT, USA) using the following thermal profile: initial denaturation step at 948C for 5 min, followed by 35 or 30 cycles of denaturation at 948C for 30 s, annealing at 558C for 30 s, extension at 728C for 45 s and a final elongation of 728C for 5 min. Primers and antisense primer were synthesized according to the report by Tarrade et al. (2002) . Separate reactions were performed using primers specific for b-actin (sense primer, 5 0 -CTTCTACAATGAGCTGCGTG-3 0 ; antisense primer, 5 0 -TCATGAGGTAGTCAGTCA-3 0 ). The PCR product specific for b-actin was visualized under UV light after gel electrophoresis on a 1.5% agarose gel stained with ethidium bromide. These experiments were performed four times. The sequences of the specific oligonucleotide primers and the sizes of the respective amplification products are given. ErbB1 sense: 
Statistical analysis
The experiments were repeated at least three times with different batches of the cells. Results are presented as the mean + SD according to the repeated experiments. Statistical significance was determined using Student t-test and one-way ANOVA. A difference with a P , 0.05 was considered statistically significant.
Results
Characterization of HTR-8/SV neo cells
RT-PCR analysis of mRNA extracted from cultured HTR-8/SV neo cells demonstrated that mRNA of erbB1, erbB2 and CK7 were present in HTR-8/SV neo cells. The expression of erbB2 was stronger than that of erbB1 (Fig. 1) .
Expression of PR in cultured HTR-8/SV neo cells Effects of P4 on the TUNEL-positive rate in cultured HTR-8/SV neo cells A significant decrease in the TUNEL-positive rate of cultured HTR-8/SV neo cells was obtained by 24 and 48-h treatment with P4 at concentrations .10 ng/ml (P , 0.05).
Effects of P4 on Bcl-2 protein expression in cultured HTR-8/SV neo cells
Effects of treatment with graded concentrations of P4 on Bcl-2 protein expression in cultured HTR-8/SV neo cells at 24 h were assessed by western blot analysis (Fig. 3B) . Compared with untreated cultures, treatment with P4 at concentrations .10 ng/ml significantly (P , 0.05) increased 26-kDa Bcl-2 protein expression.
Effects of P4 on Fas-L protein expression in cultured HTR-8/SV neo cells
Effects of treatment with graded concentrations of P4 on Fas-L protein expression in cultured HTR-8/SV neo cells at 24 h were assessed by western blot analysis (Fig. 3C) . Compared with untreated cultures, treatment with P4 at concentrations .10 ng/ml significantly (P , 0.05) decreased 39-kDa Fas-L protein expression.
Effects of P4 on Fas protein expression and Fas mRNA expression in cultured HTR-8/SV neo cells
Effects of treatment with graded concentrations of P4 on Fas protein expression in cultured HTR-8/SV neo cells at 24 h were assessed by western blot analysis (Fig. 4A) . Compared with untreated cultures, treatment with P4 at concentrations .10 ng/ml significantly (P , 0.05) decreased 51-kDa Fas protein expression. Effects of treatment with P4 on Fas mRNA expression in cultured HTR-8/SV neo cells at 24 h were assessed by RT-PCR (Fig. 4B) . Treatment with P4 at concentration of 10 ng/ml significantly (P , 0.05) decreased 257 bp Fas mRNA expression compared with untreated cultures.
Effects of P4 on cleaved caspase-8 and caspase-3 expression in cultured HTR-8/SV neo cells
Effects of treatment with graded concentrations of P4 on cleaved caspase-8 expression in cultured HTR-8/SV neo cells at 24 h were assessed by western blot analysis (Fig. 5A) . Compared with untreated cultures, treatment with P4 at concentrations .10 ng/ml significantly (P , 0.05) decreased 20-kDa cleaved caspase-8 expression. Effects of treatment with graded concentrations of P4 on cleaved caspase-3 expression in cultured HTR-8/SV neo cells at 24 h were assessed by western blot analysis (Fig. 5B) . Compared with untreated cultures, treatment with P4 at concentrations .10 ng/ml significantly (P , 0.05) decreased 17-kDa cleaved caspase-3 expression.
Effects of P4 on cleaved PARP expression in cultured HTR-8/SV neo cells
Effects of treatment with graded concentrations of P4 on cleaved PARP expression in cultured HTR-8/SV neo cells at 24 h were assessed by western blot analysis (Fig. 6) . Treatment with P4 at concentrations .10 ng/ml significantly (P , 0.05) decreased 89-kDa cleaved PARP expression.
Discussion
In the present study, we have demonstrated that PR exists in HTR-8/SV neo cells and P4 may inhibit apoptosis in HTR-8/SV neo cells through down-regulating Fas, Fas-L, caspase-8, caspase-3 and PARP expression and through up-regulating Bcl-2 expression in those cells. The results obtained by RT-PCR with HTR-8/SV neo cells revealed that CK7, one of the markers for trophoblast (Blaschitz et al., 2000; Leach et al., 2002) , was expressed. ErbB1, a specific marker of both cytotrophoblast and syncytiotrophoblast, and ErbB2, a specific marker for EVT and syncytiotrophoblast (Tarrade et al., 2001) , were also expressed in those cells. The expression of erbB2 mRNA in cultured HTR-8/SV neo cells was more abundant than that of erbB1 mRNA. The results obtained were consistent with the findings of Oki et al. (2004) that the expression of erbB2 mRNA was stable, whereas the expression of erbB1 mRNA decreassed remarkably after 24-h subculture compared with that after 1.5-h subculture. Ninety-nine per cent of the primary cultured early placental trophoblasts attached to fibronectin-precoated dishes expressed CK7, hPL and ErbB2 protein, but not ErbB1 protein after 48-h subculture. Based on these findings, most of HTR-8/SV neo cells used in the present study seemed to be EVTs, although there might be a few cytotrophoblast cells in the HTR-8/SV neo cells.
Clinically, P4 is frequently used in the treatment of threatened abortion, prevention of recurrent miscarriage, threatened preterm labor and in the support of the luteal phase in assisted reproduction programs (Di Renzo et al., 2005) . However, little is known about the molecular mechanism of P4 in the regulation of EVTs function.
There have been controversies regarding the presence of PR in human placenta (McCormick et al., 1981; Rivera and Cano, 1989; Rossmanith et al., 1997; Chan et al., 2003) . Several investigators have indicated the weak PR signals could be found by using immunocytochemical staining and RT-PCR in the all cell types, including the cytotrophoblast cells, syncytiotrophoblast cells and EVT, in both the first trimester and the term placenta (Wang et al., 1996a; Rossmanith et al., 1997) . We have detected that PR is expressed in cultured HTR-8/SV neo cells by using immunocytochemical staining and western blot analyses. Thus, in this study, we examined the effects of P4 on apoptosis in HTR-8/SV neo cells.
Apoptosis is an essential mechanism to eliminate unwanted cells during the development and homeostasis of multicellular organisms (Jacobson et al., 1997; Raff, 1998) . Unregulated cell death is implicated in a growing number of clinical disorders. There are the two major apoptotic pathways in mammalian cells, i.e. the extrinsic pathway and the intrinsic mitochondrial pathway (Riedl and Shi, 2004) . In the extrinsic pathway, the apoptotic signal is initiated by direct ligand-mediated trimerization of death receptors, i.e. Fas or tumor necrosis factor-R at the cell surface. This leads to the recruitment of adaptor proteins inside the cells, to the activation of initiator caspase-8 or -10 and, subsequently, to the activation of the executioner caspase-3, -7 and possibly -6 (Markus, 2000) . In the intrinsic mitochondrial pathway, caspase-8 degrades Bid, which is a member of the Bcl-2 family (Wang et al., 1996b) and the active Bid fragment localized in the mitochondria induces the release of cytochrome c from mitochondria into the cytosol and forms the apoptosome together with apoptosis-protease activating factor-1 (Riedl and Shi, 2004; Shiozaki and Shi, 2004) , which recruits caspase-9 (Shi, 2004) . Caspase-9 cleaves and activates the effector caspase, caspase-3 (Riedl and Shi, 2004; Shi, 2004) . During the course of apoptosis, caspase-3 proteolytically cleaves the nuclear enzyme PARP (Cohen, 1997) , which is implicated in DNA replication, transcription, DNA repair, apoptosis and genome stability (Bouchard et al., 2003) . Thus, the cleavage of PARP is regarded as a hallmark event for the apoptotic paradigm (Pieper et al., 1999) . In contrast, Bcl-2 protein that resides in mitochondrial membranes acts to prevent the release of apoptogenic proteins from mitochondria (Reed et al., 1998) . Bcl-2 protein, therefore, inhibits the progress of the apoptosis cascade at the mitochondrial level between activity of initiator caspase-8 and -10 and activation of execution caspases (Huppertz et al., 2006) .
Apoptosis is an important determinant in the regulation of placental growth . It has been demonstrated that Bcl-2 and the family of caspase proteins are involved in the process of apoptosis cascade within the villous trophoblasts, and that the apoptosis cascade in EVTs may be similar to that of villous trophoblasts (Huppertz et al., 2006) . However, the regulation of the apoptosis cascade in EVTs is poorly understood. Inducers of the cascade such as Fas/CD95 and its ligand Fas-L/CD95L have been detected in EVTs. Fas and Fas-L have been shown to be present on EVTs of firsttrimester tissues as well as term basal plates (Huppertz et al., 2006) . We have also demonstrated that Fas antibody augmented the apoptosis in the cultured EVTs . These findings supports that the Fas/Fas-L system plays an important role in the induction of apoptosis in various cell lineages (Nagata and Golstein, 1995) , including EVTs.
In this study, we found P4 inhibited the apoptosis in HTR-8/SV neo cells, at the same time, P4 suppressed the expressions of Fas and Fas-L. Thus P4 may reduce the apoptosis cascade of EVTs through reducing expressions of Fas and Fas-L. In addition, we found that P4 suppressed cleaved caspase-8, caspase-3, PARP expression and augmented Bcl-2 protein expression. These results suggest that P4 may exert antiapoptotic action in HTR-8/SV neo cells through the extrinsic apoptotic pathway by down-regulating Fas/Fas-L and the intrinsic mitochondria-mediated apoptotic pathway by up-regulating Bcl-2 protein expression, subsequently down-regulating cleaved caspase-8, caspase-3 and PARP expression.
It has been known that 3,5,3 0 -triiodothyronine (T3) down-regulates apoptosis of early placental EVTs through the inhibition of Fas and Fas-L expression and caspase-3 and PARP cleavage (LaoagFernandez et al., 2004) , and T3 may play a vital role in up-regulating the invasive potential of EVTs into the deciduas (Oki et al., 2004) . T3 may promote the invasion of EVTs to the deciduas by inhibiting apoptosis of EVTs in early pregnancy . Therefore, we hypotheses that P4 may promote the invasion of HTR-8/SV neo cells to the deciduas by inhibiting apoptosis of HTR-8/SV neo cells, which may suggest the mechanism of treatment of P4 on threatened abortion. In conclusion, we have provided evidence that PR exists in HTR-8/SV neo cells and P4 inhibits apoptosis in HTR-8/SV neo cells by down-regulating Fas, Fas-L, caspase-8, caspase-3 and PARP expression and up-regulating Bcl-2 expression in those cells. Further investigations using primary cell cultures obtained from human EVTs will be needed to shed lightly on the effects of P4 in EVTs.
